SELF-COMPACTING CONCRETE IN THE TEMPLE OF SAGRADA FAMILIA

39
The construction of the Temple started in 1882 and it is still unfinished due to the great 40 number of details in the structure and the complexity to execute them. However, the past 25 41 years have been intense in terms of construction since in that period the volume constructed is 42 greater than in the first 100 years of construction (Grima et al. 2007 order to meet the requirements of the codes without compromising the original design.
65
Recently, self-compacting concrete (SCC) has also been used for certain elements of the project, which started more than a century ago.
73
Considering the above, this study aims at presenting the experiences conducted at Sagrada century by French architects (Ignacio et al. 2016) . Therefore, at the end of this first period,
94
RC was used sporadically in some of the works of Gaudí. However, it was not until 1954 that
95
RC was used for the first time in Sagrada Familia alongside with cyclopean concrete.
96
Cyclopean concrete was used for filling cavities of walls, whereas RC was used in columns, 
116
The use of special concretes in the third period responds to the specific demands of the 
Conditioning factors
146
The main conditioning factor to take into account in the definition of the mixes is the location Three types of aggregate (fine aggregate, medium aggregate and coarse aggregate) and a filler 167 are used in the concrete plant at Sagrada Familia in order to obtain a continuous grading. The admixtures available at Sagrada Familia concrete plant and that were used in some of the 181 mixes are silica fume, a superplasticizer (based on polycarboxylates) and a polyfunctional 182 admixture (based on lignosulfate). The silica fume is mainly composed of SiO 2 and has a 183 specific weight of 2.3 g/cm 3 . Notice that even though two colours are availbe (grey and 184 white), only the white silica fume is used in order to avoid coloring the concrete when white 185 cement is used. The superplasticizer is used in SCC to improve the flowability of the mix and 186 a polyfunctional admixture is also added to increase the superplastifying effect of the former.
187
The specific weight of both admixtures are 1.04 and 1.18 g/cm 3 , respectively.
189
Characterization tests
191
The fresh-state properties assessed in the study are flowability, viscosity and cohesion. The The initial strategy consisted in taking the HSC mixes previously used in the construction of 228 the Temple of Sagrada Familia as a reference (see Table 4 ) and reverse the granular skeleton.
229
This strategy responds to the convenience of using mixes that were known by the labour in 230 charge of manufacturing the concrete and the fact that the compressive strength obtained with 231 these mixes was between 60 and 80 MPa depending on the type of cement used, which is a 232 range of strengths that meet the requirements set for the SCC mix at stage 1.
234
The mix SCC1 was defined reversing the granular skeleton in order to increase the fine 235 aggregate and reduce the coarse aggregate. In addition, medium aggregate was added to the 236 mix. Furthermore, a polyfunctional admixture was also added to the mix to increase the 237 flowability for the same w/c ratio. Despite reaching the required compressive strength, the 238 mix SCC1 did not comply with the flowability expected. Therefore, mix SCC2 was proposed.
239
This new mix included filler and higher content of water in order to improve the flowability. Subsequently, another modification was included in the mix for stage 1 to avoid using silica 248 fume and filler (see SCC3). The approach followed in the definition of SCC1 and SCC2 was 249 based on a triangular granular skeleton. This means that the content of fine aggregate was 250 higher than that of the medium aggregate and in turn the content of the latter was higher also 251 than that of the coarse aggregate (see Table 4 Given that the required compressive strength was 40 MPa, the cement content was reduced 259 and the content of fine aggregate was increased in order to compensate for that reduction (see 260 SCC4 in Table 4 ). In this case the approach followed for the granular skeleton is more similar The authors acknowledge the "Junta Constructora del Temple Expiatori de la Sagrada 
